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INTRODUCTION 

Coal is a major  s o u r c e  of energy  i n  t h e  United S t a t e s ,  g e n e r a t i n g  roughly 50% of 
t h e  t o t a l  e l e c t r i c i t y  power produced, and 90% of t h e  e l e c t r i c i t y  used e a s t o f  t h e  
M i s s i s s i p p i  River. Coal usage f o r  e l e c t r i c a l  power g e n e r a t i o n  c u r r e n t l y  averages  
550-600 m i l l i o n  t o n / y r ,  and i s  expected t o  i n c r e a s e  d e s p i t e  d iminish ing  q u a n t i t i e s  
of  h i g h - q u a l i t y  (i.e., low s u l f u r  c o n t e n t ,  low f o u l i n g )  c o a l s .  I n c r e a s i n g l y  
s t r i n g e n t  r e g u l a t o r y  s t a n d a r d s  f o r  reduced l e v e l s  of a tmospher ic  s u l f u r  emiss ions  
have i n c r e a s e d  demand f o r  low-sulfur  c o a l .  The pr imary o b j e c t i o n  t o  h igh-su l fur  
c o a l  is t h e  consequent  g e n e r a t i o n  of s u l f u r  o x i d e s  dur ing  combustion, which may 
p l a y  a major  r o l e  i n  t h e  format ion  of a c i d  r a i n .  

I n  a d d i t i o n  t o  s u l f u r ,  t h e  q u a n t i t y  of  metals i n  t h e  c o a l  a l s o  a f f e c t s  c o a l  
q u a l i t y .  Metals which may be p r e s e n t ,  mos t ly  in t h e  form of minera ls  and s u l -  
f i d e s ,  i n c l u d e  S i ,  Fe, Ca, Mg, A l ,  Na, K, and T i ,  as w e l l  a s  traces of As, Cd, C r ,  
Cu, Pb, Mn, Hg, N i ,  and Zn. Coal  combustion o x i d i z e s  t h e s e  metals t o  produce 
s i g n i f i c a n t  q u a n t i t i e s  of c o a l  a s h ,  t h e  d i s p o s a l  of which can be c o s t l y .  Addi- 
t i o n a l l y ,  a s h  e n t r a i n e d  w i t h  t h e  hot  combustion gas  t e n d s  t o  f o u l  h e a t  exchange 
s u r f a c e s ,  which reduces  f u r n a c e  e f f i c i e n c y  and c a u s e s  o p e r a t i o n a l  d i f f i c u l t i e s .  
The presence  of metals l i k e  Arsenic ,  Lead, and Mercury create problems i n  d i s p o s a l  
of ash. 

The most common t e c h n i q u e s  of c o a l  b e n e f i c a t i o n  are p h y s i c a l  s e p a r a t i o n  methods 
which e x p l o i t  d e n s i t y  d i f f e r e n c e s  between t h e  l i g h t  o r g a n i c  c o a l  and h e a v i e r  
i n o r g a n i c  i m p u r i t i e s .  Numerous chemical  p r o c e s s e s  i n v o l v i n g  r e a c t i o n  and e x t r a c -  
t i o n  have been proposed. However, t h e s e  methods g e n e r a l l y  prove uneconomic due  t o  
t h e  h igh  tempera ture  and p r e s s u r e  r e q u i r e d  t o  a c h i e v e  d e s i r e d  removal of  impur- 
i t i es .  The u s e  of m i c r o b i a l  p rocesses  in v a r i o u s  a s p e c t s  of energy product ion  has  
become i n c r e a s i n g l y  impor tan t  over  t h e  p a s t  s e v e r a l  years .  I n  p a r t i c u l a r .  t h e  
i s o l a t i o n  and c h a r a c t e r i z a t i o n  of  b a c t e r i a  which c a t a l y z e  t h e  s o l u b i l i z a t i o n  of 
s u l f u r  compounds in c o a l  and petroleum has  sugges ted  t h e  p o s s i b i l i t y  of  a b i o l o g i -  
cal  approach t o  f o s s i l  f u e l  d e s u l f u r i z a t i o n .  

Microbia l  d e s u l f u r i z a t i o n  of  c o a l  p r e s e n t s  some i m p o r t a n t  advantages o v e r  physi-  
c a l / c h e m i c a l  processes .  Ambient tempera ture  and p r e s s u r e  are g e n e r a l l y  s u f f i c i e n t  
t o  promote good m i c r o b i a l  growth. The microbes a r e  s e l f - r e g e n e r a t i n g ,  so t h e  
c o s t s  a r e  minimal. Microbia l  p rocesses  o f f e r  t h e  p o s s i b i l i t y  of removing not only  
i n o r g a n i c  s u l f u r ,  b u t  a l s o  o r g a n i c  s u l f u r  i n  t h e  coa l .  

Processes  i n v o l v i n g  t h e  microorganism T h i o b a c i l l u s  f e r r o o x i d a n s  have been 
cons idered  as a n  a l t e r n a t i v e  t o  d e s u l f u r i z a t i o n  by p h y s i c a l  and chemical  
methods. I n  a d d i t i o n  t o  d e s u l f u r i z a t i o n ,  i t  may a l s o  be e f f e c t i v e  in removing 
p y r i t i c  i r o n ,  Ca ,  Mg, A l ,  Na. K, Pb, Mo, Zn, Cu, and C r .  This  concurren t  
d e m e t a l i z a t i o n  of t h e  c o a l  may enhance t h e  r e l a t i v e  economic a t t r a c t i v e n e s s  of 
microbia l  d e s u l f u r i z a t i o n  by reducing  t h e  q u a n t i t y  of a s h  produced and improv- 
i n g  t h e  q u a l i t y  of t h e  ash.  
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OBJECTIVES AND APPROACH 

One o b j e c t i v e  o f  t h i s  s t u  .' was t o  c h a r a c t e r i z e  t h e  m i c r o b i a l  d e m e t a l i z a t i o n  and 
d e s u l f u r i z a t i o n  of c o a l  by t h e  bacter ium T h i o b a c i l l u s  f e r r o o x i d a n s  under a e r o b i c  
c o n d i t i o n s .  The e f f e c t s  of t y p e  of c o a l ,  c o a l  p a r t i c l e  s i z e ,  and n u t r i e n t  con- 
c e n t r a t i o n  on t h e  b a c t e r i a l  l e a c h i n g  of  c o a l  were i n v e s t i g a t e d .  Ash f u s i o n  
tempera tures  of t r e a t e d  and u n t r e a t e d  c o a l  samples were measured and an a t t e m p t  
was made t o  r e l a t e  v a r i a t i o n s  t o  t h e  c o a l  and a s h  p r o p e r t i e s .  

Another o b j e c t i v e  w a s  t o  de te rmine  t h e  e x t e n t  of d i s s o l u t i o n  of  d i f f e r e n t  metals 
from c o a l  r e s i d u e s  by t h e  a c t i o n  of n a t i v e  a u t o t r o p h i c  b a c t e r i a  under a e r o b i c  
c o n d i t i o n s .  The e f f e c t s  of i n o r g a n i c  n u t r i e n t  supplements  were a l s o  s t u d i e d .  1 

I 

RESULTS AND DISCUSSION 

The major r e s u l t s  f rom t h e  a e r o b i c  d e m e t a l i z a t i o n  and d e s u l f u r i z a t i o n  t e s t s  on 
t h r e e  bituminous c o a l  are summarized i n  Table  1. It i s  obvious t h a t  t h e  e f f e c -  
t i v e n e s s  of m i c r o b i a l  t r e a t m e n t  is dependent  on t h e  t y p e  o f  c o a l  and c o a l  a s h .  
More s i g n i f i c a n t l y ,  It can  l e a d  t o  s u b s t a n t i a l  improvements i n  a s h  q u a l i t y  (as 
d e f i n e d  by t h e  a s h  f u s i o n  tempera ture)  a s  s e e n  w i t h  t h e  P i t t s b u r g h  Coal. 

Some r e s u t l s  from a e r o b i c  d i s s o l u t i o n  of t o x i c  m e t a l s  f rom t h e  f i n e s  f r a c t i o n s  of 
c o a l  r e s i d u e s  are summarized i n . T a b l e  2. It is  c l e a r  t h a t  under a e r o b i c  condi-  
t i o n s  s u b s t a n t i a l  f r a c t i o n s  of o t h e r  meta ls  in a d d i t i o n  t o  p y r i t i c  i r o n  can be 
s o l u b i l i z e d  from c o a l  o r  c o a l  r e s i d u e s .  

CONCLUSIONS 

Microbia l  a c t i o n  on bi tuminous c o a l s  under  a e r o b i c  c o n d i t i o n s  can  lead  t o  s lg -  
n i f i c a n t  r e d u c t i o n s  i n  I n o r g a n i c  s u l f u r ,  metals and t o t a l  a s h  c o n t e n t ,  as w e l l  as 
c o n s i d e r a b l e  i n c r e a s e  of  a s h  f u s i o n  tempera tures  of t h e  remaining ash.  
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-- _____________---.----I---- 

Table 1 
--___~--------I- ___--__ ---.- ___---__I 

Inorganic Sulfur Increase i n  Ash 
Ash Content Ash Reduction Reduction Fusion Temperature 

(%> (73 (OF) -- Coal _--_ ----- 
Ohio 25.2 15 80 180 

Pittsburgh 10.3 17.5 40 460 

I l l i n o i s  8.1 27 40 50 

With No Nutrients With Nutrients 
Added Added .-___--- Met a1 Control .- 

A s  
Cr 
cu 
F e  (111) 
Mn 
N i  
Pb 
Zn 

___ % Metal in Solution __--- __-___ 
0.69 6.1 47 
7.7 1 1  65 
2.4 10 33 
0.1 2.7 26 
16 16 43 
15 20 44 
0.6 0.6 4.6 
8.2 17 48 
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